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Summary
Purpose: Juvenile myoclonic epilepsy (JME) is a common, well-defined epileptic
syndrome. This study aims to examine the clinical and EEG features of probands
with JME and to identify the incidence of different types of idiopathic generalized
epilepsies (IGEs) and IGE trait in first-degree relatives.
Methods: Clinical and EEG data were collected from 132 first-degree relatives and 31
probands with JME. The data were analyzed using descriptive statistics, chi-square
test, t-test and ANOVA.
Results: All probands had a history of generalized tonic clonic seizures (GTCS) and
myoclonic jerks; 25.8% had a history of absence seizures. Family history of epilepsy
was noted in 42% and epilepsy in first-degree relatives was reported in 38.7%. We
found JME in 44% of the symptomatic first-degree relatives. The incidence of epilepsy
was higher in siblings (19%) than in offspring (8%) or parents (4%), the difference
between the groups being significant ( p < 0.05). IGE trait was noted in 6% of the
asymptomatic first-degree relatives. Finally, IGE features were found in 61%. Subjects
with IGE features were younger (mean age 19.6 years) than those without IGE features
(mean age 32.4 years) and the difference between the groups was significant.
Conclusion: The incidence of different kinds of IGEs and typical EEG trait is high in
first-degree relatives of JME probands. IGE features were noted in 61% of the families.
JME is the most common type of IGE and IGE features were found to be more frequent
among siblings than parents. These findings confirm familial susceptibility to IGE.
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Idiopathic generalized epilepsies (IGEs)1 account for
39—59% of all epilepsies.2 Juvenile myoclonic epi-
lepsy (JME), childhood absence epilepsy (CAE),
Juvenile absence epilepsy (JAE), and epilepsy with
grandmal on awakening (EGMA) are the most com-
mon types of IGEs. JME is a common, well-defined
epileptic syndrome with a prevalence of 5—11%
among epilepsies.1,3—7 The electroencephalo-
graphic (EEG) abnormality in JME patients comprises
generalized 4—6 Hz SW/PSW complexes.1,4,5,8,9 JME
is an inherited epileptic syndrome. Autosomal
recessive10 and polygenic11 patterns of inheritance
have been suggested, but this has not been accepted
by some.12 Linkage analysis has pointed to a locus
near the HLA region of chromosome 613—15 and
another locus on chromosome 15.16
A family history of JME or another seizure dis-
order is common in patients with JME.4,8,10,17—20 The
incidence of epilepsy is high in first-degree relatives
compared to second-degree relatives. Different epi-
leptic syndromes such as CAE, JAE, or EGMA may be
observed in members of the same family, thus sug-
gesting that they are genetically related to JME and
that the genetic mutation responsible for JME may
also underlie these non-JME forms of IGEs.21 Abnor-
mal EEG has been reported showing 4—6 Hz PSW or
sharp and slow wave activity in clinically normal
family members of JME patients.11,18,22—25 Although
JME has been reported to be a common form of IGE
in India, there is little information from south India
about the incidence of different forms of IGE in first-
degree relatives of probands with JME.Aim1. To study the clinical and EEG features of pro-
bands with JME.2. To identify the incidence of different forms of IGE
and sub clinical EEG abnormalities (IGE trait)
amongst the first-degree relatives of JME pro-
bands.Materials and methods
Clinical and EEG data were collected from 31 pro-
bands with JME and their first-degree relatives.
Inclusion criteria for the diagnosis of JME in the
probands were (1) clinical evidence of generalized
seizures with myoclonic jerks with or without
absence seizures; (2) no evidence of neurological
or intellectual deficit; (3) at least one abnormal EEGwith generalized SW/PSW discharges; (4) normal
brain imaging (CT/MRI) if performed. Exclusion cri-
teria were (1) presence of focal neurological or
intellectual deficits; (2) abnormal imaging; (3) myo-
clonic jerks secondary to cerebral hypoxia, meta-
bolic or degenerative diseases.
Informed consent was taken from all participants
and from responsible adults in case of minors. A
consultant neurologist evaluated all the partici-
pants. Detailed clinical and family history of epi-
lepsy was taken. Myoclonic jerks (MJ) were
physically demonstrated and the possibility of tre-
mors and clumsiness of hands on awakening was
looked into. A 21-channel EEG recording was done
according to the international 10—20 system using
Nihon Kohden Neurofax EEG machine. Sleep-
deprived awake EEG (with 4 h sleep in the preceding
24 h) for 40 min was performed in all participants.
The EEG included 3 min of hyperventilation (HV) and
photic stimulation from 1 to 30 flashes/s. Two con-
sultants independently read all the EEGs and find-
ings with agreement were reported. The EEGs of
first-degree relatives were read without knowing
whether they were symptomatic or asymptomatic.
Classification of affected status
First-degree relatives were classified as follows:1. Symptomatic family members: first-degree rela-
tives of probands with a history of seizures/
epilepsy, irrespective of the EEG abnormality.
First-degree relatives with a history of GTCS
and alcohol abuse, or GTCS with age of onset
above 60 years were considered normal.2. Asymptomatic family members: first-degree
relatives with no history of epilepsy but EEG
showing paroxysms of SW/PSW discharges. These
members were considered to have the IGE trait.
EEGs were classified as:1. Normal: showing normal background activity and
no epileptiform discharges.2. Abnormal: showing paroxysms of single SW or
multiple SW activity.3. Borderline EEG abnormality: EEG showing gen-
eralized sharp wave discharges or generalized
intermittent or diffuse theta or delta activity.
In addition, focal EEG abnormalities were noted.
Statistics
The differences between various groups were cal-
culated using the chi-square test, Student’s t-test
and ANOVA.
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Figure 1 Type of IGE and IGE trait in first-degree rela-
tives of probands with JME.
Table 1 Incidence of JME and non-JME forms of IGE in
first-degree relatives of JME probands
Type of
epilepsy
Number of
first-degree
relatives
Number
of families
Incidence
(%)
JME 7 6 19.4
Epilepsy with GTCS 5 4 12.9
EGMA 3 3 9.7
CAE 1 1 3.2
IGE Trait 7 7 23
No epilepsy 109 11 35.5Results
Clinical features: Probands
There were 31 (16 males and 15 females) probands
ranging in age from 10 to 47 years (mean 22 years).
All the probands had a history of generalized tonic
clonic seizures and myoclonic seizures. Eight pro-
bands (25.8%) had a history of absence seizures.
Family history of epilepsy was positive in 13
(42%). Sixteen first-degree relatives of 12 probands
(38.7%), 7 second-degree relatives of 4 probands
(12.9%) and 9 third-degree relatives of 2 probands
(6.5%) had epilepsy. Consanguineous parentage was
found in 6 (19.4%) probands.
The age of onset of absences ranged from 5 to 13
(mean 8.4), GTCS 6 to 22 (mean 15.1) and myoclonic
seizures 8 to 24 (mean 14.7) years. Myoclonic jerks
and GTCS occurring predominantly on awakening
was found in 26 (84%) and 20 (64.5%), respectively,
while 5 (16%) had GTCS only during sleep. Sleep
deprivation and fatigue were the major seizure-
precipitating factors, seen in 26 (84%) and 13
(61%), respectively. Photosensitivity was found in
3 (9.7%). One (3.2%) proband had a history of febrile
convulsions. Seizures were well controlled in 28
with sodium valproate while 3 had refractory epi-
lepsy. Imaging (CT/MRI) was normal in 10 probands
including those with refractory epilepsy.
First-degree relatives
There were 149 first-degree relatives (including one
twin sibling). Eight first-degree relatives were
deceased, none of whom had a history of epilepsy.
Two were very young, less than 3 years, with no
history of epilepsy, so EEG was not done. One had a
history of epilepsy after 60 years of age, CT scan of
the brain showed infarct, so he was excluded. EEG
could not be performed in six members, none of
whom had epilepsy. Finally, sleep-deprived EEG was
done in 132 first-degree relatives of 31 probands.
The clinical and EEG data were analyzed in these
subjects.
In the final analysis, there were 52 parents (symp-
tomatic 2), 68 siblings including one twin (sympto-
matic 13) and 12 off springs (symptomatic 1) of the
probands. The first-degree relatives ranged in age
from 4 to 65 (mean 31.1) years and included 74
males and 58 females. Sixteen (12.1%) first-degree
relatives were symptomatic for epilepsy. Febrile
convulsions were noted in two of the symptomatic
and none of the asymptomatic first-degree rela-
tives. Among the symptomatic members, clinically
JME was diagnosed in 7 (43.8%) and EGMA in 3(18.7%) (Fig. 1). One offspring had CAE. Five
(31.3%) had epilepsy with GTCS. Six JME relatives
had GTCS and myoclonic jerks occurring only or
predominantly on awakening. The three patients
with EGMA had GTCS occurring within 5—30 min of
awakening. None of them had a history of myoclonic
jerks or absence seizures. One first-degree relative
had single unprovoked GTCS, while 4 had epilepsy
with GTCS occurring infrequently at any time of the
day. Nine members (seven with JME, one with EGMA
and one with CAE) were receiving sodium valproate.
The rest were receiving phenytoin sodium, pheno-
barbitone or carbamazepine. The first-degree rela-
tive who had single GTCS was not taking any AED and
had been seizure free for 13 years. The seizures
were well controlled in 13 and refractory in 3 (all
JME) relatives. Five members including those with
refractory epilepsy underwent imaging, which was
normal.
JME was the more common IGE in first-degree
relatives compared to non-JME forms of IGEs, being
found in 6 (19.4%) families (Fig. 1 and Table 1). In the
present study JME was found in 43.8% of the symp-
tomatic first-degree relatives. JME occurred in 46.2
% (6/13) of the symptomatic siblings and 50% (1/2)
of the parents with an overall incidence of 8.8% (6/
68) in siblings and 1.9% (1/52) in parents. JME was
found in at least one of the siblings in five sib ships.
180 S.S. Jayalakshmi et al.
Table 2 EEG findings in JME probands and their first-degree relatives
Type of EEG
abnormality
Probands % (n) Symptomatic
first-degree
relatives % (n)
Asymptomatic
first-degree
relatives % (n)
Normal EEG None 50 (8) 88.8 (103)
Abnormal EEG 100 (31) 37.5 (6) 6 (7)
Borderline EEG abnormality None 12.5 (2) 5.2 (6)
Focal EEG abnormality 25.8 (8) 12.5 (2) None
Photo convulsive response 12.9 (4) 6.3(1) 1.7 (2)
n = Number.All the three first-degree relatives with EGMA were
siblings. One twin sibling had similar epilepsy (JME)
as the proband, with the same age of onset for MJ
and GTCS. JAE was not detected in any of the first-
degree relatives. The age of parents ranged from
39—65 (mean 45.5), of siblings 6—56 (mean 23.9)
and of offspring 4—26 (mean 10.9) years. The inci-
dence of epilepsy was higher among siblings (19.1%)
than offspring (8.4%) or parents (3.8%), the differ-
ence between the groups being significant
( p < 0.05). The incidence of epilepsy was higher
among first-degree male relatives than among
females (17.6% versus 5.2%), but the difference
between the two groups was not significant
( p = 0.58).Figure 2 EEG showing generalized SW/PSW activityEEG features: Probands
All the 31 probands showed abnormal EEG showing
paroxysms of single or multiple SW/PSW discharges,
as this was one of the inclusion criteria (Table 2).
The background activity was normal in all the pro-
bands. Twenty-seven (87%) showed 3.5—4 Hz PSW
activity; 3 Hz SW discharges were seen in 3 (9.7%),
and 5 Hz SW in one proband. The photo convulsive
response (PCR) was positive in 4 (12.9%). Intermit-
tent theta was found in 7 while diffuse theta activity
was noted in 2 subjects. Asymmetry in voltage of
SW/PSW discharges was found in 4 (12.9%, Fig. 2)
while focal EEG abnormality was found in another 4
subjects (12.9%). Thus 8 (25.8%) probands showedin an asymptoamtic offspring of a JME proband.
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tation of the discharges.
First-degree relatives
Symptomatic members: of the 16 symptomatic
relatives 6 (37.5%) showed abnormal EEG
(Table 2). The background was normal in all. Single
paroxysm of SW/PSW activity was seen in 3, and
multiple paroxysms in 3. One child with CAE had
3 Hz SW activity while the rest showed 3.5—4 Hz
activity. Borderline EEG abnormality in the form of
diffuse theta was found in 1 and intermittent
theta in 2 subjects. PCR was positive in an identical
twin as also in the proband. Independent spikes
were found in none of the members. One sympto-
matic relative had focal EEG changes and one
had asymmetrical SW discharges; thus 2 (12.5%)
of the symptomatic relatives showed focal EEG
changes.
Asymptomatic members: There were 116 asymp-
tomatic first-degree relatives. The background
activity was normal in all these subjects. The EEG
was normal in 103. Seven (6%) had abnormal EEG
(Table 2 and Fig. 2), which showed SW/PSW activity.
IGE trait was found in 22.6% (7/31). Two subjects
showed a single paroxysm while 5 had multiple
paroxysms of SW/PSW activity. The frequency was
5 Hz in 2 and 4 Hz in 5 subjects. PCR was positive in
2. None of these subjects showed independent
spikes or focal EEG abnormalities. Six (5.2%) had
borderline EEG abnormality in the form of intermit-
tent theta activity.
For statistical analysis, only those with abnormal
EEG (SW/PSW discharges) were considered to have
an IGE trait. When we combined the symptomatic
first-degree relatives (16 members of 12 families)
and those with the IGE trait (7 members of 7
families) as having IGE features, we found that
61.2% (19/31 families) had IGE features. Seven
out of 16 (43.7%) first-degree relatives had JME
while 9 had other types of IGE. The incidence of
JME, non-JME forms of IGE and IGE trait is higher in
siblings (17/23, i.e. 73.9%) than in parents (4/23,
i.e. 17.4%), the difference between two groups
being statistically significant ( p < 0.05). Three of
the offspring had IGE features (1-CAE and 2-IGE
trait). The asymptomatic first-degree relatives
with IGE features were younger (mean age 19.6
years) than those without IGE features (mean
age 32.4 years). One-way analysis of variance
(ANOVA) was done on groups of age and abnormal
EEG and yielded an F value of 4.56 with significance
at the 0.01 level. Further post hoc analysis done on
the same groups showed significance at the 0.05
level.Discussion
The clinical and EEG features of the 31 probands
with JME were similar to those from other centers
across the world. Absence seizures were a feature in
10—33% of patients with JME8,17,19—21,26; in the
present study 25.4% had absence seizures. Themean
age of onset of absences, myoclonic jerks and GTCS
was comparable to previous studies.5,8,9,17 Myoclo-
nic jerks and GTCS were seen primarily or predo-
minantly on awakening in 84% and 64.5% of
probands, respectively. This has been well
described.4,5 Nocturnal seizures (GTCS) were found
in 16%. Panayiotopoulos et al. reported nocturnal
seizures in 20% of JME patients.8 The most common
seizure-precipitating factors were sleep deprivation
and fatigue, similar to other studies.8 In JME the
incidence of febrile convulsions was 4.4—9.7%.4,19,20
In the present study 1 (3.2%) proband had febrile
convulsions.
Family history of epilepsy was found in 42% of
probands in the present study, similar to that in
other studies.4,8,17—20 Consanguineous parentage
was found in 19.4%. Family history of epilepsy was
highest (64.7%) in a study from Saudi Arabia10 and
this has been attributed to a higher incidence of
consanguineous marriages in that population. The
incidence of epilepsy in first-degree relatives was
38.7%. Panayiotopoulos and Obeid reported a similar
incidence of 47.1%.10 JME is a more common type of
IGE in family members of JME probands than non-
JME type of IGEs.12,17,27,28 In the present study JME
was found in 43.8 % of the symptomatic first-degree
relatives. JME occurred in 46.2 % of the symptomatic
siblings and 50% of the parents with an overall JME
incidence of 8.8% in siblings and 1.9% in parents.
According to Delgado-Escueta et al. JME occurred in
45% of all family members with epilepsy; in 55% of
affected siblings and 45% of parents.18 The overall
JME incidence was 9% in siblings and 4% in parents.
Other forms of seizure disorders such as CAE, JAE,
EGMA, and epilepsy with GTCS are well described in
family members of JME probands.17,25,27,29 This may
be due to the clinical and genetic relation between
JME and these other IGEs. In the present study 18.8%
of the affected first-degree relatives had EGMA and
31.3% had epilepsy with GTCS. Childhood absence
epilepsy was found in one. Males and females were
affected equally. The incidence of IGE was higher in
siblings than in parents and this was statistically
significant. This is in agreement with the previous
studies.18
A high degree of concordance of IGEs in families,
within each syndrome has been described.30 In twin
studies it has been found that the IGE syndrome was
same in both the twins.31 In the present study we
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relatives of JME probands. One proband had an
identical twin who also had JME.
The diagnosis of JME was ascertained applying
strict clinical and EEG criteria. All the 31 probands
had generalized tonic clonic seizures, myoclonic
jerks and an abnormal EEG showing SW/PSW dis-
charges. The common EEG abnormality was a 3.5—
4 Hz PSW activity (87%) followed by 3 Hz SW dis-
charges (9.7%). PCR was positive in 12.9%. A similar
incidence was found in other studies from India.19,20
Higher incidence of PCR (27.3%) was reported from
Saudi Arabia.8 Focal EEG abnormalities are seen in
30—54%.6—8,32,33 We noted focal EEG abnormalities
in 25.8% of the probands.
EEG showing 3.5—6.0 Hz PSW is associated with
myoclonic and generalized seizures. Hence their
presence in asymptomatic family members is sig-
nificant. Such discharges rarely occur in EEGs of
normal individuals. The incidence of SW/PSW activ-
ity in the EEGs of normal children ranges from 0.2 to
1.8%.34—36 Hence, clinically asymptomatic relatives
with diffuse SW/PSW complexes can be considered
as having the IGE trait. However, we did not consider
those first-degree asymptomatic relatives showing
diffuse, sharp or slow wave activity as possessing an
IGE trait, although these abnormalities may be
epileptiform and may be seen in 2.3% of awake EEGs
and 7.9% of drowsy and sleep EEGs of normal chil-
dren and adolescents.37
In this study 37.5% of the symptomatic and 6% of
the asymptomatic first-degree relatives had abnor-
mal EEGs and 12.5% had focal EEG abnormality.
Among the asymptomatic first-degree relatives 6%
had abnormal EEG showing SW/PSW complexes (IGE
trait). In a study by Delgado-Escueta et al. 80% of
symptomatic and 6% of asymptomatic siblings had an
EEG abnormality showing 4—6 Hz PSW/slow waves
or sharp and slow waves.18 In the present study
38.5% of symptomatic and 7.3% of asymptomatic
siblings had an abnormal EEG. EEG abnormalities
may also be observed in asymptomatic parents of
probands. In the present study one of the 2 sympto-
matic and one of the 50 asymptomatic parents
showed an abnormal EEG. Two of the offspring aged
4 and 5 years showed the IGE trait. It has been
suggested that the EEG traits seen in unaffected
family members reflect the activity of the same
gene that is involved in the expression of JME.
The same locus is responsible for non-JME forms
of epilepsy seen in JME families.21 We noted IGE
features in 61.2% of families. This is similar to
another study where IGE features were reported
in 58%.24
The first-degree relatives with IGE features were
younger than those without IGE features, the dif-ference between the two groups being significant.
This suggests that the incidence of epilepsy and EEG
abnormalities is higher among younger individuals
and EEG positivity may decrease with advancing
age. Tsuboi and Christian suggested that the propor-
tion of EEG positivity in parents decreases with
increased age, thus the chances of detecting EEG
abnormalities decreases with advanced age
although they have the disease genotype.11 This
may be the reason for lower incidence of abnormal
EEG in symptomatic and asymptomatic parents com-
pared to siblings. The incidence of JME, non-JME
forms of IGE and IGE trait is higher in siblings than in
parents, the difference between the two groups
being significant. We found JME in at least one of
the siblings in five sib ships. The higher incidence of
IGE features in siblings may also be related to the
autosomal recessive pattern of inheritance as sug-
gested by Panayiotopoulos and Obeid.10Conclusion
The incidence of epilepsy among first-degree rela-
tives of JME probands in this study was 38.7% and IGE
trait was found in 22.6%. IGE features were noted in
61.2%. IGE trait was found in 6% of the asymptomatic
first-degree relatives. JME is the most common type
of IGE in first-degree relatives compared to other
forms of IGE. IGE features occurred more frequently
in siblings than parents. These findings confirm
familial susceptibility to IGE and may be of use in
genetic counseling.References
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